First‐in‐human trials---often single ascending dose (SAD) or multiple ascending dose (MAD) studies---typically include normal healthy volunteers (NHVs) administered either a placebo or an investigational drug. Inclusion criteria for NHVs in clinical trials include general, therapeutic area, and product‐specific safety parameters. These typically include, but are not limited to, protocol‐defined values for vital signs, physical examination, electrocardiograms (ECGs), and laboratory tests.

Select safety findings (eg, abnormal laboratory values or ECG findings) from early phase clinical studies in NHVs may result in the delay or termination of those studies and/or future clinical development programs. However, deviation in safety parameters from reference ranges or intervals may not necessarily be pathologic or clinically significant. Beyond intrinsic analytical variation and technical errors,[1](#jcph913-bib-0001){ref-type="ref"}, [2](#jcph913-bib-0002){ref-type="ref"} intraindividual (eg, activity level, food intake, and postural position) and interindividual (eg, sex, age, and body mass index) variation can influence laboratory tests.[3](#jcph913-bib-0003){ref-type="ref"}, [4](#jcph913-bib-0004){ref-type="ref"} In addition, recurrent resampling may lead to an increased likelihood of variability. Given the sources of variability, the probability of the occurrence of a given parameter with a value exceeding a predefined threshold will depend on the parameter itself and on the frequency and interval of observations.

Currently, there are few published studies of NHVs receiving placebo that provide incidence rates and variability of safety parameters in controlled settings.[5](#jcph913-bib-0005){ref-type="ref"}, [6](#jcph913-bib-0006){ref-type="ref"}, [7](#jcph913-bib-0007){ref-type="ref"}, [8](#jcph913-bib-0008){ref-type="ref"}, [9](#jcph913-bib-0009){ref-type="ref"}, [10](#jcph913-bib-0010){ref-type="ref"}, [11](#jcph913-bib-0011){ref-type="ref"}, [12](#jcph913-bib-0012){ref-type="ref"}, [13](#jcph913-bib-0013){ref-type="ref"}, [14](#jcph913-bib-0014){ref-type="ref"}, [15](#jcph913-bib-0015){ref-type="ref"} Thus, available data that can aid decision making are limited. Pooling data from multiple phase 1 studies provides a larger population, compared with individual studies, in which to analyze safety parameters within a population of interest. The present systematic review was performed on the Bristol‐Myers Squibb (BMS) NHV database to facilitate safety review and decision making. The review identified phase 1 SAD and MAD studies that included NHVs taking placebo to determine the probability of select safety events based on predetermined criteria, encounter‐adjusted incidence rates of select laboratory and ECG events, and exposure‐adjusted adverse events (AEs).

Methods {#jcph913-sec-0020}
=======

Study Design and Analysis Population {#jcph913-sec-0030}
------------------------------------

This study included a systematic review to identify SAD and MAD studies within the BMS Exploratory Clinical and Translational Research database, conducted from January 1, 2010 through July 14, 2014, that included NHVs administered placebo. Drug--drug interaction and other proof‐of‐concept clinical pharmacological studies were excluded from this analysis, as subjects often receive other treatments along with placebo. The homogeneity of inclusion and exclusion criteria for each study was reviewed to determine whether they were appropriate for inclusion in a pooled analysis to evaluate the occurrence of select safety events based on predetermined criteria, both pretreatment (baseline) and during the dosing period (on placebo).

The analysis population included all subjects (NHVs) who signed an informed consent form, were enrolled into a phase 1 study, and who received at least 1 dose of placebo.

Study Selection Criteria {#jcph913-sec-0040}
------------------------

A catalog of all completed Exploratory Clinical and Translational Research studies, from January 1, 2010 through July 14, 2014, was compiled and evaluated for their appropriateness for inclusion in the analysis based on the following criteria: (1) the protocol had to have been approved and have a protocol number; (2) the population must consist only of NHVs, as defined within each study\'s protocol inclusion/exclusion criteria; (3) eligible studies must have an actual placebo arm; (4) the study type must have been of an SAD, MAD, or a combination of SAD/MAD design; and (5) the trial must have had a locked database. Studies containing patients or subjects of unknown patient status were excluded, as were studies that did not have a placebo arm or that used a cointerventional drug in combination with placebo and oncology studies.

Inclusion and exclusion criteria were applied by 3 independent reviewers (T.C.Y., S.T., and Z.B.) to ensure interrater reliability. The final selection of studies was reviewed (by T.C.Y., S.T., B.J.S., M.L.V., and S.S.) for similarity of design and collection schedule. The following attributes were assessed: (1) number of placebo subjects; (2) trial duration; (3) similar inclusion/exclusion criteria for healthy subjects (including age and smoking status); (4) similar data structures; and (5) common laboratory units (International System of Units, US, or both).

Safety Evaluation Criteria {#jcph913-sec-0050}
--------------------------

The assessment of safety parameters was based on the following measurements for NHVs at baseline and during the dosing period (on placebo) from SAD, MAD, or SAD/MAD studies included in this analysis: specified laboratory evaluations of interest including liver tests (alkaline phosphatase, alanine aminotransferase \[ALT\], aspartate aminotransferase \[AST\], and total bilirubin), renal function tests (blood urea nitrogen and creatinine), pancreatic enzymes (amylase and lipase), creatine kinase (CK), and blood cell counts (including hemoglobin); vital signs including heart rate, systolic blood pressure (SBP), and diastolic blood pressure (DBP); and ECG. Subjects meeting the safety signal criteria in these measurements were also recorded.

Potential safety signals for the majority of laboratory evaluations were identified based on values that fell outside of normal reference ranges, as defined by the laboratory conducting the assays for each individual study. For hematology laboratory evaluations, potential safety signals were based on ranges defined in the BMS Global Standard documentation, Marked Abnormality Criteria For Clinical Laboratory Tests in Exploratory Clinical and Translational Research Studies in healthy subjects (Supplementary Table S1). In addition, hepatic function was specifically assessed using the following criteria defined in the US Food and Drug Administration Guidance for Industry on Drug‐Induced Liver Injury:[16](#jcph913-bib-0017){ref-type="ref"} ALT or AST \>3 × upper limit of normal (ULN), \>5 × ULN, \>10 times ULN, and \>20 × ULN; total bilirubin \>2 times ULN; and concurrent ALT or AST \>3 × ULN and total bilirubin \>2 × ULN.

Safety signal criteria for vital signs were defined as follows: heart rate \<40 beats per minute (low) and \>100 beats per minute (high); SBP \<90 mm Hg (low) and \>160 mm Hg (high); and DBP \<60 mm Hg (low) and \>90 mm Hg (high). Safety signal criteria for ECGs were based on the International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use E14 Guidance and defined as follows for QT prolongation:[17](#jcph913-bib-0018){ref-type="ref"} \>450 milliseconds for men, \>470 milliseconds for women; \>500 milliseconds "marked QT/QTc prolongation"; and change from baseline of \>30 milliseconds and \>60 milliseconds.

AEs occurring during the course of each study were recorded and included in this analysis. Serious AEs (SAEs), including deaths, were determined by the investigator(s) for each study.

Statistical Analysis {#jcph913-sec-0060}
--------------------

All analyses were performed using the statistical software SAS (version 9.2 or higher; SAS Institute Inc, Cary, North Carolina). Because this study was not designed to test a specific hypothesis, the sample size was not determined based on statistical power calculations. It was estimated (prior to the selection of data) based on the precision of the estimate and yielded a range of 63 to 323 NHVs in order to see specific effects (eg, ECG or liver tests) based on event rates seen in placebo subjects from published literature. For ALT \> 1 time \> ULN, Patat et al[18](#jcph913-bib-0019){ref-type="ref"} provided several estimates of prevalence across multiple studies, and a conservative estimate of 22% was selected; a 95%CI covering an expected proportion of 0.22 with 5% precision would require 264 subjects. For QT prolongation, the estimate for \>450 milliseconds, 6/649 (0.92%) indicates that it is a rare event, given that this is a population of NHVs; thus, a 95%CI covering the observation of ≥1 event with a true population rate of 0.00923 would require 323 subjects.[14](#jcph913-bib-0014){ref-type="ref"} Sibille et al[19](#jcph913-bib-0020){ref-type="ref"} considered 24 phase 1 studies in 430 healthy volunteers and found 20 "severe" AEs; to observe a 95%CI with this rate would require 63 subjects. The number of NHVs included in the analysis was 355, although certain analyses were limited due to availability of data and, therefore, have fewer subjects.

Baseline values were defined as the last value prior to the first dose of study drug (placebo). Categorical variables and binary event rates were summarized by frequencies and percentages. Event incidence rates, adjusting for subject encounters, among pooled placebo subjects were calculated for laboratory parameters, vital signs, and ECGs per 100 subject‐encounters. Subject encounters were calculated for each safety parameter separately. Prevalence rates and corresponding CIs for safety parameters were calculated using a generalized linear mixed‐effects model to take into account repeated measures within a subject. Continuous lab and ECG measurements were modeled using a linear repeated‐measures model. Covariance structures used were compound symmetry and/or autoregressive(1) covariance structure (appropriateness of covariance structures were first assessed and differ by parameter). AEs were measured per person‐year. Incidence rates were assumed to follow a Poisson distribution, and CIs were calculated using the method described by Haenszel et al.[20](#jcph913-bib-0021){ref-type="ref"} For subject‐level analyses, only the highest or lowest value for each subject was used depending on the criteria (eg, the highest value for drug‐induced liver injury, the lowest value for neutropenia). The Rule of Three formula[21](#jcph913-bib-0022){ref-type="ref"} was used to determine the population‐level incidence rate if no events meeting the safety signal criteria were observed in the study sample.

Results {#jcph913-sec-0070}
=======

Study Selection {#jcph913-sec-0080}
---------------

A total of 25 phase 1 SAD and/or MAD trials were identified for inclusion in the pooled analysis. A flow diagram of the selection process is shown in Figure [1](#jcph913-fig-0001){ref-type="fig"}. These 25 trials included a total of 355 NHVs who had taken placebo during a study from multiple therapeutic areas, including virology, neuroscience, immunoscience, cardiovascular, and metabolic disease. The current analysis included studies carried out in 5 countries, including at least 8 different sites in the United States, which allowed for a diverse NHV population across geographic regions and countries. The duration of studies ranged from 2 to 63 (median 28) days; there were 4 trials with durations of ≤10 days and 21 trials of longer duration. Different contract research organizations were used to conduct the studies included in the analysis.

![Study selection process for inclusion in the pooled analysis. The number of trials yielded by the search strategy used in the systematic review. Studies and data included in the analysis were sourced from the Management Analysis and Reporting System Exploratory Clinical and Translational Research studies from 2010 to 2014, generated July 14, 2014. FPFV indicates first patient first visit; MAD, multiple ascending dose; SAD, single ascending dose.](JCPH-57-1079-g001){#jcph913-fig-0001}

The therapeutic areas with the largest number of studies and subjects were neuroscience and cardiovascular disease; approximately one‐third of the subjects included in the analysis had participated in neuroscience studies (Figure [2](#jcph913-fig-0002){ref-type="fig"}). Because phase 1 oncology studies are typically performed neither with a placebo control nor in NHVs, no oncology studies were included. The distribution of therapeutic areas of the studies in the present analyses reflects the company\'s research program at the time of conduct.

![Therapy areas included in the pooled analysis. A total of 25 studies were included in the analysis: 4 virology, 9 neuroscience, 6 cardiovascular, 3 immunoscience, 3 metabolic disease, and no oncology studies. Three studies enrolled 0 to 5 placebo subjects, 7 studies enrolled 6 to 10 placebo subjects, 6 studies enrolled 11 to 15 placebo subjects, 4 studies enrolled 16 to 20 placebo subjects, and 5 studies enrolled more than 20 placebo subjects.](JCPH-57-1079-g002){#jcph913-fig-0002}

Subject Demographic Data and Baseline Characteristics {#jcph913-sec-0090}
-----------------------------------------------------

Trial inclusion and exclusion criteria are summarized in Supplementary Table S2. The demographic data and baseline characteristics of NHVs included in the selected studies are shown in Table [1](#jcph913-tbl-0001){ref-type="table-wrap"}.

###### 

Patient Demographic Data and Baseline Characteristics for Studies Included in the Pooled Analysis

                                               Placebo (N = 355)
  ------------------------------------------- -------------------
  Age, years                                  
  Mean ± SD                                        36.0 ± 13
  Median (range)                                  34 (18, 79)
  Age category, years, n (%)                  
  \<25                                              68 (19)
  25‐34                                            119 (34)
  35‐44                                             92 (26)
  45‐65                                             57 (16)
  \>65                                              19 (5)
  Sex, n (%)                                  
  Male                                             284 (80)
  Female                                            71 (20)
  Race, n (%)                                 
  White                                            216 (61)
  Black/African American                           104 (29)
  Asian                                             13 (4)
  Native Hawaiian/Other Pacific Islander            1 (\<1)
  Chinese                                           13 (4)
  Japanese                                           4 (1)
  Other                                              4 (1)
  Ethnicity, n (%)                            
  Hispanic/Latino                                   73 (21)
  Not Hispanic/Latino                              148 (42)
  Not reported                                     134 (38)
  Geographic distribution, n (%)              
  Australia                                         52 (15)
  China                                              5 (1)
  Germany                                           28 (8)
  Sweden                                            11 (3)
  United States                                    259 (73)
  Baseline BMI (kg/m^2^)                      
  Mean ± SD                                         26 ± 4
  Median (range)                                  26 (17, 40)
  Baseline heart rate (bpm)                   
  Mean ± SD                                         65 ± 11
  Median (range)                                  65 (42, 97)
  Baseline systolic blood pressure (mm Hg)    
  Mean ± SD                                        118 ± 12
  Median (range)                                 117 (93, 167)
  Baseline diastolic blood pressure (mm Hg)   
  Mean ± SD                                         74 ± 9
  Median (range)                                  73 (50, 95)
  Baseline QTcF prolongation (milliseconds)   
  Mean ± SD                                        402 ± 17
  Median (range)                                404 (351, 443)

BMI indicates body mass index; bpm, beats per minute; QTcF, QT interval corrected for heart rate using the Fridericia formula.

John Wiley & Sons, Ltd.

The study population consisted mainly of white (61%) American (73%) males (80%), of whom 59% were between 25 and 44 years old. However, 5% of the population was older than 65 years, as some NHVs included in the neuroscience therapeutic area were elderly (65 to 79 years), although otherwise healthy, and all met the criteria for inclusion at their trial site.

The median body mass index was 26 kg/m^2^ (interquartile range 23 to 29 kg/m^2^), indicating a slightly overweight study population, likely due to the fact that many of the subjects included in studies from the metabolic therapeutic area were obese (body mass index \>30 kg/m^2^) although otherwise healthy.

For most subjects (99.6%) included in the analysis, baseline heart rate, SBP, and QT interval (corrected for heart rate using Fridericia\'s formula \[QTcF\]) appeared normal. These findings were as expected for a population of NHVs accepted into each trial.

Adverse Events {#jcph913-sec-0100}
--------------

AEs occurring in ≥2% of subjects are shown in Table [2](#jcph913-tbl-0002){ref-type="table-wrap"}. The most commonly occurring class of AEs were nervous system disorders and gastrointestinal disorders. The most commonly occurring AE was headache (28 \[7.9%\] subjects; 519.5 events/100 person‐years), followed by constipation, abdominal pain, and upper respiratory tract infections. No SAEs, deaths, or events qualifying for the drug‐induced liver injury criteria were observed, as would be expected for this population. Using the Rule of Three formula,[21](#jcph913-bib-0022){ref-type="ref"} there was 95% confidence that fewer than 3 in 355 subjects taking placebo as a healthy subject would experience an SAE or death in a phase 1 SAD/MAD trial.

###### 

Summary of Adverse Events Experienced by ≥2% of Subjects During the Dosing Period

  Safety Parameter                    Number (%) of Patients With Event (N = 355)    Total Number of Events (Total PY = 6.93)   IR/100 PY  95%CI[a](#jcph913-tbl2-note-0002){ref-type="fn"}
  ----------------------------------- --------------------------------------------- ------------------------------------------ ----------- --------------------------------------------------
  Headache                            28 (7.9)                                                          36                        519.5    362.1, 722.1
  Constipation                        15 (4.2)                                                          17                        245.3    143.0, 392.5
  Abdominal pain                      7 (2.0)                                                           7                         101.0    40.5, 208.1
  Upper respiratory tract infection   7 (2.0)                                                           7                         101.0    40.5, 208.1

IR indicates incidence rate; PY, person‐years.

CIs for incidence rates \>1/100 were calculated using the method described by Haenszel et al.^21^

John Wiley & Sons, Ltd.

Laboratory Evaluations {#jcph913-sec-0110}
----------------------

As expected for NHVs, most laboratory results for liver function, renal function, and blood cell counts were within normal ranges at baseline and during the dosing period (on placebo). ALT and CK elevations were the most common deviations from safety parameter reference ranges (Table [3](#jcph913-tbl-0003){ref-type="table-wrap"}; Supplementary Table S3). During the dosing period, safety evaluations showed 5.1 events/100 measures of ALT \>ULN (95%CI 3.0, 6.6) and 7.3 events/100 measures of CK \>ULN (95%CI 6.1, 10.5), accounting for repeated measures among subjects. ALT levels increased to \>1 × ULN to ≤2 × ULN and to \>2 × ULN in 26 (7.3%) and 2 (0.6%) subjects, respectively, who had ALT levels below ULN at baseline. CK levels increased to \>1 × ULN to ≤2 × ULN and to \>2 × ULN in 31 (8.7%) and 8 (2.3%) subjects, respectively, who had CK levels below ULN at baseline. Elevations \>ULN for alkaline phosphatase, AST, total bilirubin, blood urea nitrogen, creatinine, hemoglobin, and blood cell counts were observed only in very small numbers of subjects (Table [3](#jcph913-tbl-0003){ref-type="table-wrap"}; Figure [3](#jcph913-fig-0003){ref-type="fig"}; Supplementary Table S3).

###### 

Summary of Safety Evaluations and Events Meeting the Safety Signal Criteria During the Dosing Period

  Safety Parameter                    N[a](#jcph913-tbl3-note-0002){ref-type="fn"}   Total Number of Measures[b](#jcph913-tbl3-note-0003){ref-type="fn"}   Number/Event   Total Number of Events   Number of Events/100 Measures   Model‐Based IR and 95%CI[c](#jcph913-tbl3-note-0004){ref-type="fn"}
  ---------------------------------- ---------------------------------------------- --------------------------------------------------------------------- -------------- ------------------------ ------------------------------- ---------------------------------------------------------------------
  ALT \>1× ULN                                            355                                                       1,587                                       32                  81                          5.1                                          4.5 (3.0, 6.6)
  AST \>1× ULN                                            355                                                       1,574                                       9                   13                          0.8                                                NC
  CK \>1× ULN                                             323                                                       1,478                                       61                 108                          7.3                                          8.0 (6.1, 10.5)
  TBil \>1× ULN                                           355                                                       1,563                                       9                   10                          0.6                                                NC
  QTcF (male) \>450 milliseconds                          267                                                       3,423                                       3                   10                          0.3                                                NC
  QTcF (female) \>470 milliseconds                         69                                                       1,412                                       1                   1                           0.1                                                NC
  Change in QTcF \>30 milliseconds                        336                                                       4,835                                       27                  53                          1.1                                          1.1 (0.8, 1.5)
  Change in QTcF \>60 milliseconds                        336                                                       4,835                                       2                   4                           0.1                                                NC
  Creatinine \>ULN                                        337                                                       1,496                                       7                   16                          1.1                                                NC

ALT indicates alanine aminotransferase; AST, aspartate aminotransferase; CK, creatine kinase; IR, incidence rate; NC, not calculated; QTcF, QT interval corrected for heart rate using the Fridericia formula; TBil, total bilirubin; ULN, upper limit of normal.

Number of placebo subjects with postbaseline measurements.

Postbaseline measurements.

CIs for parameters with N \>10 were calculated from the generalized linear mixed‐effects model.

John Wiley & Sons, Ltd.

![Highest postbaseline values of alanine aminotransferase, creatine kinase, and creatine as a function of ULN. One NHV had creatine kinase 30 × ULN and was excluded from this plot. The box plot shows median (middle line) and interquartile range. The whiskers show 1.5 × interquartile range. NHV indicates normal healthy volunteer; ULN, upper limit of normal.](JCPH-57-1079-g003){#jcph913-fig-0003}

During the dosing period, scatter plots for values for peak (highest) total bilirubin compared with ALT (Supplementary Figure S1) and AST (data not shown) for all placebo subjects showed no value for any subject that met safety signal (potential drug‐induced liver injury) criteria. When hematology laboratory evaluations were compared with safety signal criteria for laboratory tests in Exploratory Clinical and Translational Research studies in healthy subjects (Supplementary Table S1), only 2 subjects demonstrated baseline values that met those criteria: 1 had a low lymphocyte cell count, and the other 1 had a high eosinophil cell count (Supplementary Table S4). Neutropenia was diagnosed in 15 subjects (4.2%) postbaseline (Supplementary Table S4), of whom 11 were black/African American and 4 were white. As described in detail in the Discussion, ethnic variations in neutropenia are common.

Vital Signs {#jcph913-sec-0120}
-----------

As expected for NHVs, relatively few vital sign recordings met safety signal criteria at baseline (Supplementary Table S4). At baseline, no subject had a heart rate meeting the safety signal criteria, only 1 (0.4%) subject had high SBP, while 17 (6.2%) subjects had low DBP, and 7 (2.6%) subjects had high DBP. While receiving placebo, 8 (2.3%) subjects had a high heart rate; 14 (4.0%) subjects had low SBP, and 3 (0.8%) had high SBP; 105 (30.3%) subjects had low DBP, and 46 (13.3%) had high DBP.

Electrocardiogram {#jcph913-sec-0130}
-----------------

As expected in this NHV population, no subject experienced QTcF prolongation at baseline. Correlation was found to be the same among all pairs of observations within a subject. Females had an average QTcF 10.4 milliseconds higher than males (*P* \< .01). Mean change from baseline over time was --0.22 milliseconds (95%CI --1.16, 0.72), taking into account repeated measures within a subject. There were 27 subjects experiencing a change in QTcF \>30 milliseconds and 2 by \>60 milliseconds. The rate of change in QTcF \>30 milliseconds is 1.1 events/100 measures (95%CI 0.8, 1.5), accounting for repeated measures among subjects. While on placebo, 3 male subjects experienced a QTcF \>450 milliseconds (Table [3](#jcph913-tbl-0003){ref-type="table-wrap"}), ranging from 451 to 473 milliseconds. One male had 1 elevation of 472 milliseconds, another 1 had 4 elevations within the same day (464, 465, 451, and 465 milliseconds), and the third male subject had 3 elevations within the same day (473, 457, and 453 milliseconds) and then again 20 days later (460 and 461 milliseconds). One female subject experienced a QTcF \>470 milliseconds (483 milliseconds) (Supplementary Table S4). QTcF prolongation \>500 milliseconds was not observed in any subject either at baseline or during the dosing period. A change in QTcF from baseline \>30 milliseconds was reported in 27 subjects (7.6%), and 2 subjects (0.6%) experienced a change from baseline of \>60 milliseconds (Supplementary Figure S2; Table [3](#jcph913-tbl-0003){ref-type="table-wrap"}). Of the 27 subjects with a change in QTcF from baseline \>30 milliseconds, 24 were 18 to 50 years old, and the other 3 were \>70 years old. Of those 27 subjects, the 2 with a change in QTcF \>60 milliseconds were a 75‐year‐old female and a 19‐year‐old male.

Discussion {#jcph913-sec-0140}
==========

This systematic review and pooled analysis of 25 SAD/MAD randomized controlled studies (median duration 28 days) from within the BMS study database included 355 NHVs and identified relatively few changes in laboratory parameters or vital signs that met the study safety signal criteria. During the dosing period (on placebo) evaluations showed 5.1 events/100 measures of ALT and 7.3 events/100 measures of CK \>ULN. There was some variation in DBP: 105 (30.3%) NHVs had low DBP and 46 (13.3%) had high DBP across all studies. These pooled placebo data could help inform study investigators when interpreting potential safety signals observed in phase 1 and later clinical trials by providing a reference point or comparison for subjects on active treatment.

As expected in a population of NHVs, the majority of laboratory results were within normal reference ranges at baseline and during placebo treatment.[16](#jcph913-bib-0017){ref-type="ref"} ALT elevation occurred in 28 (7.9%) NHVs. Previous retrospective pooled analyses of transaminase elevation in the placebo arms of 13 phase 1 clinical trials with male NHVs (n = 93) found that 20.4% had at least 1 ALT value exceeding the ULN and 7.5% had at least 1 ALT value exceeding twice the ULN.[8](#jcph913-bib-0008){ref-type="ref"} The authors noted that transaminase elevation in NHVs during phase 1 clinical trials is a real phenomenon, explained largely if not completely by multiplicity of sampling, prompting the cautious interpretation of laboratory safety results, in particular hepatotoxicity.[8](#jcph913-bib-0008){ref-type="ref"} In 974 adult NHVs who participated in clinical trials at the Jenner Institute, Oxford, UK, between 1999 and 2009, among a range of tested analytes, ALT, total bilirubin, white blood cells, and urea showed the greatest intraperson variation.[10](#jcph913-bib-0010){ref-type="ref"} Of note, age, body mass index, and sex are associated with changes in ALT.[10](#jcph913-bib-0010){ref-type="ref"}, [22](#jcph913-bib-0023){ref-type="ref"}, [23](#jcph913-bib-0024){ref-type="ref"}

CK elevation occurred in 39 (11.0%) NHVs in our study. CK elevation has been observed in response to exercise or muscle trauma.[24](#jcph913-bib-0025){ref-type="ref"}, [25](#jcph913-bib-0026){ref-type="ref"} Natural and/or ethnic variations in serum CK levels may occur in the general population, which can further confound interpretation. Evaluation of reference intervals for serum CK levels in a stratified random sample of 1444 individuals from the general population in the Netherlands, according to National Committee on Clinical Laboratory Standards/Nordic Reference Interval Project guidelines, showed that 13% of white Europeans, 23% of South Asians, and 49% of black people in the sample had serum CK levels above manufacturer‐provided limits.[26](#jcph913-bib-0027){ref-type="ref"} Furthermore, there is evidence to show that healthy black people have CK levels around 70% higher than white people.[27](#jcph913-bib-0028){ref-type="ref"}

Hepatotoxicity is a leading reason for halting clinical development of new chemical entities. Thus, careful interpretation of safety findings, including data from subjects taking placebo, is critical to decision making and future safety monitoring in clinical trials. Importantly, the more frequently a measure is sampled, the higher is the likelihood of observing a value that deviates from the normal range. This may particularly be the case in phase 1 studies, where sampling of laboratory measures, vital signs, and ECG is very frequent, which is important to take into consideration when evaluating values that meet safety signal criteria. Additionally, the inclusion and exclusion criteria for phase 1 clinical trial populations need to reflect the therapeutic area under study, as effects in the NHV population will be directly relevant to subsequent phase 2/3 trial populations.

In the present analysis, 15 (4.2%) subjects had neutropenia postbaseline during the course of the study in which they were participating, 11 of whom were black/African Americans. Benign ethnic neutropenia is neutropenia (generally neutrophil counts \<1.5 × 10^9^ cells/L) in otherwise healthy individuals and has been observed at higher rates in different ethnic groups including Africans, Afro‐Caribbeans, and black/African Americans.[28](#jcph913-bib-0029){ref-type="ref"}, [29](#jcph913-bib-0030){ref-type="ref"} It is not known whether the cases of neutropenia in the present study were related to benign ethnic neutropenia. Nevertheless, ethnic variations in neutropenia are common, and it has been suggested that rigid requirement for minimal white blood cell numbers may result in individuals with benign ethnic neutropenia being excluded from participating in clinical trials.[28](#jcph913-bib-0029){ref-type="ref"}

Low DBP was recorded in 30.3% of NHVs on placebo in the present study. Multiple factors are known to affect blood pressure readings.[30](#jcph913-bib-0031){ref-type="ref"} Consistent with statistics from the Centers for Disease Control and Prevention, high DBP was more likely in older NHVs, and low DBP was more likely in younger NHVs.[31](#jcph913-bib-0032){ref-type="ref"} As previously reported, sex was also associated with trends in DBP: high DBP was more common in men and low DBP was more common in women.[32](#jcph913-bib-0033){ref-type="ref"} The American Heart Association reported that high DBP was more common in men than in women in the \<45‐year age group, but this trend was reversed in the \>65‐year age group.[33](#jcph913-bib-0034){ref-type="ref"} These reports are consistent with the NHVs included in our analysis, approximately 80% of whom were aged \<45 years. High DBP was more common in metabolic disease trials compared with other therapeutic areas, possibly due to the eligibility criteria permitting NHVs with higher body mass index,[34](#jcph913-bib-0035){ref-type="ref"} and NHVs enrolled in cardiovascular disease trials were less likely to have low DBP. Interestingly, if blood pressure criteria were updated based on values derived from the normal distribution, using the mean ± 1.96 times the standard deviation, the definition of low DBP would be revised from \<60 mm Hg to \<52 mm Hg, decreasing the incidence of low DBP from 30.3% to 7.8%. These findings are highly relevant to phase 1 trials of therapeutic agents with cardiovascular effects, and the inclusion and exclusion criteria for such trials should therefore be carefully considered.

The absence of QTcF prolongation at baseline reflects the study exclusion criterion QTcF \>450 milliseconds for 24 of the 25 phase 1 SAD/MAD trials included. The majority of ECG results meeting the safety signal criteria occurred in cardiovascular studies, which may have arisen due to the increased frequency of ECG sampling that took place in studies conducted in neuroscience and cardiovascular disease compared with other therapeutic areas.

Data for 844 NHVs from 9 thorough QT studies were used to compare the effects of active control (moxifloxacin) and placebo on QTcF. QT intervals meeting the safety signal criteria were rare in both the placebo and active treatment groups: QTcF \>450 milliseconds occurred in 2.9% and 0.9% of moxifloxacin and placebo groups, respectively, with no cases of QTcF \>480 milliseconds in either group. Intra‐ and interindividual variations (standard deviation) in QTcF were approximately 8 to 9 milliseconds and 9 to 10 milliseconds, respectively.[14](#jcph913-bib-0014){ref-type="ref"} The QTcF prolongation results of the current analysis for subjects taking placebo were similar to these previous reports. The mean change from baseline in QTcF over time was --0.22 milliseconds (95%CI --1.16, 0.72), which is in agreement with the range of mean change from baseline (--16.3 to 2.9) reported in a retrospective analysis of placebo and nondrug data from ∼380 patients included in 5 clinical trials.[35](#jcph913-bib-0036){ref-type="ref"}

Pooled analyses assessing safety parameters in phase 1 clinical trials in NHVs have been reported previously; however, these mainly focus on the AE profile for placebo vs investigational drugs. In a survey of adult NHVs who participated in phase 1 clinical trials at the Bayer Health Care AG in Wuppertal, Germany, between 1994 and 1999 (1559 NHVs from 142 studies; included 3862 follow‐up days on placebo), there were 351 AEs in NHVs assigned to placebo (301 of mild and 49 of moderate severity). The most commonly occurring types of AEs were general disorders (3.0%) and headache (2.5%).[7](#jcph913-bib-0007){ref-type="ref"} This analysis was extended to look at phase 1 dose‐escalation studies in male NHVs (24 studies; 18 to 46 years).[15](#jcph913-bib-0015){ref-type="ref"} A total of 368 NHVs received placebo and 82 (22.3%) experienced AEs (74 of mild and 8 of moderate severity). The most common AEs by system organ class were nervous system disorders (31 events), infections and infestations (18 events), and gastrointestinal disorders (15 events). Similar results were found in the present pooled analysis, where the most commonly occurring AE was headache (28 individuals). Importantly, there were no SAEs or deaths in any of the 25 trials included.

The sample size of the present study, 355 subjects in 25 studies, was relatively small when compared with similar published studies by other biopharmaceutical companies, including a recent report of 1559 NHVs from 142 studies and an analysis of 11,028 placebo subjects in 394 distinct nononcology phase 1 studies.[6](#jcph913-bib-0006){ref-type="ref"}, [7](#jcph913-bib-0007){ref-type="ref"} However, both of these previous studies used an all‐comer selection criteria approach that included all nononcology phase 1 studies. In contrast, the present analysis employed very specific inclusion/exclusion criteria to answer the study objectives. Thus, only SAD, MAD, or combined SAD/MAD studies were included. Drug--drug interaction and proof‐of‐concept studies, for example, were excluded on the basis that they do not contain a true placebo arm. In addition, based on the sample size calculation, only 325 subjects were needed to answer our study objectives. The sample size was estimated based on the precision of the estimate in order to see specific effects based on the published literature.[14](#jcph913-bib-0014){ref-type="ref"}, [18](#jcph913-bib-0019){ref-type="ref"}, [19](#jcph913-bib-0020){ref-type="ref"}

Limitations should be considered. This analysis included trials identified from the BMS phase 1 database. Study selection was limited to those studies and respective therapeutic areas within the database. All studies were funded by the same study sponsor (BMS); thus, homogeneity in data collection and trial practices can be expected, although these practices may differ from those of other clinical trial sponsors. Included trials spanned a range of therapeutic areas (Figure [2](#jcph913-fig-0002){ref-type="fig"}) and, as a result, different subject and site selection criteria may have applied. This analysis was not planned "per protocol" and should be considered as "observational" and therefore subject to limitations that apply to this type of study design. Of note, the AE profile under placebo may be influenced by active treatment as NHVs are informed about substance‐specific AEs.[7](#jcph913-bib-0007){ref-type="ref"} The median (range) study duration was 28 (2 to 63) days, which, although longer than reported in previous analyses of NHV studies (14 to 17 days),[7](#jcph913-bib-0007){ref-type="ref"}, [15](#jcph913-bib-0015){ref-type="ref"} is a relatively short period of observation.

The accessibility of accurate and appropriate safety parameters is critical for the proper screening of NHVs, determination of clinical trial inclusion and exclusion criteria appropriate to a given therapeutic area, and monitoring of NHVs during phase 1 studies and to inform dosing decisions. The availability of the BMS NHV phase 1 study database provides the opportunity to assign normal reference ranges for safety parameters based on placebo‐controlled criteria that are relevant for drug development programs in each therapeutic area. Other potential useful applications of these data include informing designs for future clinical trials (such as Bayesian priors or the Δ for sample size calculations), the reduction in randomization to phase 1 trial placebo arms by using these data as historical controls, and use in epidemiology studies as a comparator arm.

Conclusion {#jcph913-sec-0150}
==========

In summary, there were no safety concerns involving laboratory parameters, ECGs, SAEs, or deaths. DBP measurements meeting the safety signal criteria were as noted. Safety parameters in phase 1 NHV studies can deviate from the normal range, possibly due to multiplicity of sampling and fluctuations in normal physiology. The safety parameter out‐of‐range findings in NHVs receiving placebo presented here may serve as a reference to strengthen the basis for signal detection and decision making during early drug development, and inclusion and exclusion criteria for future studies in NHVs should be reexamined with these results in mind.
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